This study developed a method for selection of available human resources for incomingjob allocation that considers factors affecting resource performance in the business process management (BPM) environment. For many years, resource selection has been treated as a very important issue in scheduling due to its direct influence on the speed and quality of task accomplishment. Even though traditional resource selection can work well in many situations, it might not be the best choice when dealing with human resources. Humanresource performance is easily affected by several factors such as workload, queue, working hours, inter-arrival time, and others. The resource-selection rule developed in the present study considers factors that affect human resource performance. We used a Bayesian Network (BN) to incorporate those factors into a single model, which we have called the Bayesian Selection Rule (BSR). Our simulation results show that the BSR can reduce waiting time, completion time and cycle time.
Introduction
In the modern business environment, customer satisfaction is essential to a company's success and indeed its very survival. A crucial factor in this regard is timely provision of Human resources, however, are more difficult to manage because they entail less constant processing time than automated resources. Several factors such as workload, hours of work, and human capacity can combine to determine human performance, and cannot be separately blamed when human resource performance decreases. Hancock and Desmond [1] established that workload, manifesting as fatigue, can affect human resource performance. The higher the workload, the more fatigued a human will become, leading to diminished performance.
Companies employ selection rules to assign specific human resources to incoming jobs.
One of the common selection rules is LIDDLE (see <Table 1>), according to which an incoming job is assigned to the longest-idle human resource. Operation of this rule is easily seen in the process of teller selection at banks.
Another selection rule is ORDER (<Table 1>), by which an incoming job is assigned to human resources in a certain preferred order.
An example is a procurement request made to a department of finance. The finance head will determine whether to act on the request or not. Otherwise, the vice-head will do so.
The problem with such selection rules is that they typically are not ideal for human resources, especially when long working hours are involved. Here, complex factors determining a resource's speed are at play, and these include workload, queue, daytime, inter-arrival time, and, not least, human ability. Such factors can diminish system performance by lowering resource utilization, lengthening queues and slowing job completion.
Bayesian Network (BN) is a probabilistic causal model initially built by knowledge workers and later improved by evidence data.
It has drawn considerable attention over the last few decades from scientists and en-gineers representing a number of different fields [2] . For example, numerous research studies have utilized BN to model knowledge in computational biology and bioinformatics (specifically with regard to gene regulatory networks, protein structures, gene expression analysis [3] , medical document classification, information retrieval [4] , image processing, data fusion, and decision support systems [5] ).
The aim of our present study is to establish a new selection rule by assessing factors affecting human resource performance using BN : the Bayesian Selection Rule (BSR). The main feature of BSR is its incorporation of several factors affecting human resource performance into a single BN model for selection of the best resources for incoming jobs. BSR accomplishes this on the basis of an hypothesis that completion time will decrease. We demonstrate our method using a case study of a Driver's License Obtainment Process at the Police Department in Surabaya, Indonesia.
The contribution of our paper is its application to BPM of a resource-selection mechanism that considers factors affecting human resource performance. To our best knowledge, this is the first study to do so. This paper is organized as follows : 
Related Work

Bayesian Network (BN)
A BN is useful for prediction of the occurrence of certain events. A BN is a probability-based knowledge representation method appropriate for modeling of causal processes involving uncertainty [6] . A BN is a Directed Acyclic Graph (DAG), its nodes (also called BN variables) representing random variables and its links defining the probabilistic dependences of those variables [7] . These relationships are quantified by associating a conditional probability table with each BN variable, given any possible configuration of values for its parents.
There are several definitions that can be assigned to a BN. For all definitions, let G = (V, E) be a DAG with a node set V and an arc set E, and let X = (X v ) v∈V be a set of random variables indexed by v. The joint probability density function of a BN G with X as its random variables is 
where pa(v) is the set of parents of v.
For any set of random variables, we compute the joint distribution probability as Workload is perceived as a very important factor affecting system performance [14] .
Workload is defined as the number of tasks waiting to be processed by the system [14] .
There are strong relations among stress, workload and fatigue [1] . A high workload can increase stress and can result in fatigue, both of which can hinder performance. There are two factors influencing workload : arrival and completion of jobs in the system. Here, arrival can be represented by inter-arrival time. However, workload itself is a factor that increases work pressure in a working environment. As Hancock and Desmond stated in their book, a high workload increases work pressure for humans by creating an excess of stress [1] .
Daytime also has a relation to human resource performance. Hines [10] found that some people prefer to work in the morning and some others in the evening. White and
Beswick [11] reported that the longer human work, the more their performance decreases.
Human skill is strongly correlated with the speed of job accomplishment [12] . The more skillful the human resource, the faster a job will be completed. We denote skill as the humanresource's job-related cognitive ability.
We interviewed human resources so as to understand how long they have been in their current assignment. The resultant data will be the basis for determining the skill of each human resource in our model. Woo explored the relation between working environment and human resource mood [13] . Human-resource selection is done when a job comes to an activity. The system will select an appropriate human resource based on a prediction of high performance. We input some evidence, regarding current workload, queue, inter-arrival, and daytime at the time the job comes to the activity.
<Figure 2> shows the human-resource selection at time t = n. Consider that we have to select the best human resource to carry out an incoming job in activity "form request"
when the workload is "low", the working hours are "first", and the human-resource ability is "low." However, we want to maintain human resource performance as "high".
Thus we input all of the evidence (activity = "form request", workload = "low", working hours = "first", ability = "low", human performance = "high") and we determine that Cindy, at 40%, is the best human resource.
The system should select Cindy to carry out the job; however, if Cindy is busy, the next-best human resource should be Ali and Budi, which have the same probability at 30%.
BSR Algorithm
Definition 1 Business Process (BP)
A BP comprises multiple activities each of which connects to each of the others, thereby forming a chain. This chain is the path on which a work process travels among activities. By means of BPMS, a BP can be modeled, executed, monitored, and evaluated. In this paper, we use BP defined by Bae et al.
[15] as follows.
• A=      ⋯ is the set of activities, where a i is the i-th activity and N is the total number of activities in the process structure Ps.
• 
Definition 2 BSR
We denote BSR(t, a i ) as the use of the BN model to allocate resources considering factors that affect human resource performance in a i at time t. BSR (t, a i ) has several parameters :
• R a = {r n |n = 1,…, N} is the set of resources where rn is the n-th resource and N is the total number of resources in a i .
• Qa(t) is the queue in front of ai at time t
• BN represents the Bayesian Network model
• Da(t) = {morning, evening, afternoon} is daytime at time t
• I(t) = {low, medium, high} is the inter-arrival rate at time t
• W a (t) = {low, medium, high} is the workload ina i at time t
• Ab(rn) = {low, medium, high} is the 
Daytime = D a (t), Inter-arrival = I(t), Workload = Wa(t), Ability = Ab(rn), Working_hrs = Wo(rn)).
The general idea is to pick the highest probability value among resources in one activity. We use bubble sort to accomplish that. Consider that a set of resources in a i , which consists of three resources : r1, r2, r3.
We define temp as DOUBLE to store temporary value and RESOURCE res as a temporary resource. The initial value of temp is -999 (line 5). We then establish which re-source introduces the highest inference value (line 7～21). First, we check r 1 and get 0.566.
Since this is higher than temp, we change the value of temp to the r1 value and set res = r 1 . Second, we check r 2 and get 0.455. Since this value is lower than temp, we iterate the same procedure. Third, wecheck r3 and get 0.4. Since the value is lower than temp, we reiterate the same procedure. After this step, the iteration procedure is completed, since the index is larger than the resources set size.
Here, the BSR will always find a feasible solution. BSR will assign a human resource once at least one job finishes its accomplishment. Otherwise, BSR will let all the jobs waiting in the queue. Thus, the loop to find the best human resource will always find its end. BSR also assumes that at least one human resource is performing in the activity, and there is no human resource move in and move out in the business process. Therefore, all human resources will perform, and there will be no deadlock due to a lack of performers. It is necessary to add those subjectivities to increase the prediction quality. There are some situations that by incorporating subjectivity, we can improve prediction. The example is tossing a coin. Suppose there are two possible outcomes : Head and Tail. If we know that the coin is not balanced, we can set the probability of the outcome. For example, we set 30% for Head and 70% for Tail.
Case Study
We demonstrate our approach by way of a real case study on a Driver's License Traditional BPM does not consider these factors : when a customer arrives as a job, the system simply generates a schedule by which a job is assigned to the most appropriate resource.
Experiment and Results
We conducted an experiment to demonstrate how our proposed method can be implemented. We also qualitatively compared of our method with traditional selection rules.
Experiment Design
We conducted an experiment using AnyLogic and Netica. AnyLogic is simulation software released by XjTec, and Netica is BN software released by Norsys. The reason for using both is the shared platform : Java.
We obtain the data during four busiest days namely : Monday and Wednesday in the two subsequently weeks. We obtain at least 30 points in each human resource. The data observation is conducted from 9 AM to 3 PM.
From the six hour data, we divide into three times : Morning, Afternoon and Evening. In the each time, a human resource has different processing time distribution. Here morning is identified is from 9AM to 11AM, afternoon is from 11AM to 1 PM and evening is from 1 PM to 3 PM For each time we obtain at least also 30 data, so that the total data we obtain for each human resource is at least 3×30 = 90 data. <Table 4> and <Table 5> show the distribution used in our simulation. The running time of the simulation was set into 13 hours, from 8 : 00 AM to 9 : 00 PM.
We divide the time into three : Morning (8 AM～12 AM), Afternoon (12 AM～4 PM) and Evening (4 PM～9 PM). When the time is morning, a human resource will follow morning processing time distribution, etc. For every selection rule, the average number of instances was 1500, and the number of replication was 10.
Input Parameter
Input parameter is a set of inputs obta- ined by BSR during simulation run time.
Input parameter is the current simulation environment update where the BSR is em- 
Conclusions and Future Challenges
The unique point about BPM compared with the manufacturing domain is its resources. In BPM, human resources dominate over other resource types such as automation. However, it is in the nature of human resource performance to fluctuate. Sometimes it is good, but at other times, it is poor. This kind of unevenness or inconsistency can affect an organization's quality of service.
The present study used a Bayesian Net- strive to accommodate many resource patterns, such as those identified in [17] . Resource selection might also involve workflow security issues (e.g. separation of duty).
Future research works can pertain in how to select the best resource once a resource shift an ongoing job to another resource. Further, a dynamic BSR could be developed to deal with workflows involving high-turnover resources.
